We combine two theoretical models of plasma sheet particle transport to trace plasma sheet particles from the nightside magnetospheric equatorial plane to low altitudes. We predict that the low-altitude signature of the plasma sheet is manifestly different at different local times. The Guiding Center Transport Model (GCTM) (Onsager et al., 1993) uses a given particle energy, position, and an assumed magnetic and electric field to trace the low-altitude particle's trajectory to the plasma sheet. The Finite Tail Width Convection Model (FTWCM) (Spence and Kivelson, 1993) uses two Maxwellian plasma sources, one downtail and one on the dawnside boundary layer, to generate distribution functions across the tail plasma sheet. Using Liouville's theorem, the distribution functions at the equatorial level are projected to low altitudes. When this signature of the plasma sheet is projected to low altitudes near the Earth, the spatial variation in the equatorial plasma properties produce a latitudinal variation in the isoflux contours. Isoflux contours at high latitudes at dawn extend to lower latitudes at dusk, reflecting a larger plasma sheet plasma pressure at dusk than at dawn. This prediction is based solely on a projection of spatial variations in equatorial plasma properties.
Introduction
The macroscopic structure of the terrestrial plasma sheet is central to many large-scale aspects of magnetotail physics. For instance, in simple magnetohydrodynamic descriptions of the quasi-static tail, spatial gradients of the plasma sheet plasma pressure at the magnetic equatorial plane are a proxy for tail lobe magnetic field strengths (e.g., Spence et al., 1989) . Another example is time-dependent magnetotail convection models; the distributions of number density and pressure constrain magnetic-flux-tube volumes and hence magnetospheric convection (e.g., Erickson, 1992) . In such descriptions of the plasma sheet, plasmas and magnetic fields are intimately linked and each provides unique yet coupled insights on the physics of the magnetotail.
Both theoretical models and empirical models may be used to describe the tail. Empirical models of the magnetic field in the magnetotail have improved steadily over the past two decades and are now used commonly as a research tool (Peredo et al., 1993) . Similar models of magnetotail plasmas are not in common use for several reasons: incomplete energy coverage of measured spectra; limited orbital coverage; and temporal/spatial ambiguity, since the transit time of a large apogee satellite is greater than the dynamic timescale, even during quiescent or quasi-static periods.
This last shortcoming is avoided at intermediate to low altitudes (;~3 RE), where polar orbiting spacecraft traverse the lower altitude extension of the plasma sheet (the so-called "horns") relatively quickly. These rapid passages yield "snapshots" of the equatorial plasma sheet. Studies have utilized this approach successfully (Suszcynsky et al., 1993; Onsager and Mukai, 1995) .
Despite the advantage gained by low altitude measurements of the plasma sheet, a single lowaltitude spacecraft provides only one passage through the plasma sheet horns per orbit; and it occurs at only one fixed local time (equivalent to a single equatorial trajectory through the magnetotail plasma sheet). To construct an empirical two-dimensional, instantaneous map of plasmas in the equatorial plane requires many satellites traversing the plasma sheet horns simultaneously at various local times. Such multi-satellite studies have not been available routinely.
In this paper, we complement single spacecraft low-altitude data studies. We combine two published theoretical models of magnetospheric particle transport to predict the low-altitude signature of the plasma sheet as a function of local time. One model specifies the plasma thermal pressure and density throughout the equatorial magnetotail. The other specifies the mapping of plasma properties between the equatorial plane and intermediate altitudes. The magnetotail plasma model is quasi-static yet predicts spatial gradients of the macroscopic plasma quantities. These cross-and down-tail variations at the equatorial plane produce differences in the low-altitude plasma sheet signatures at different local times. It is important to stress that the predicted local time differences arise from spatial differences, a conclusion not easily reached from a single spacecraft passage through the plasma sheet horns. We suggest that model syntheses of this type improve the interpretation of low-altitude plasma sheet signatures.
Models

Guiding center transport model
The Guiding Center Transport Model (Onsager et al., 1993) traces guiding centers of ions and electrons between low altitudes and the magnetic equatorial plane. The particle guiding centers are traced backwards in time to determine the source locations in the equatorial plane of particles detectable by a low-altitude spacecraft. For the purposes of this research, we have considered only protons. Protons are followed as they travel through specified electric and magnetic fields; their energy and magnetic moments are conserved as their guiding centers are traced. The electric field is an imposed dawn to dusk field across the tail; magnetic field lines are assumed to be equipotentials. The magnetic field model used is the Tsyganenko model (Tsyganenko, 1987) . The magnetic field model is parameterized by the Kp index and the dipole tilt angle.
In Fig. 1 , we show a typical guiding center trace in the XGSM-ZGSM plane. The dashed line is the trace of the guiding center. The solid lines are the magnetic field lines. The particle's guiding center trajectory in two dimensions is determined by the integral effects of its E x B drift velocity across magnetic field lines and its velocity along the magnetic field lines. The particle being traced "backwards" from an altitude of 10,000 km and at -73° magnetic latitude is a 2 keV proton with a 10° pitch angle. These specify the initial velocity components and following the guiding center to its origin, we find that this particle originated in the plasma sheet at XGSM = -53 RE. In this example of how the GCTM maps guiding centers, the dipole tilt angle was -29° and the Kp = 3.
The inputs to the GCTM are the position, pitch angle (here assumed to be 10°), and energy of the particles detectable at low altitudes. The positions are chosen to represent a polar orbiting satellite trajectory at several fixed magnetic local times. For the results described here, we have assumed an electric field that corresponds to an E x B drift speed of 1 km/s equatorward at the initial low altitude position (10,000 km). This electric field when mapped along the assumed equipotential magnetic field to the equatorial plane yields an electric field of about 0.08 mV/m at XGSM = -60 RE and about 0.15 mV/m at XGSM = -15 RE. These values of the electric field correspond to earthward convection speeds in the plasma sheet of about 50 km/sec at XGSM = -60 RE and about 25 km/sec at XGSM = -15 RE. The inputs to the magnetic field model are the dipole tilt angle and the Kp used for Fig. 1 . The model specifies the particle's position in the equatorial plane and its energy, but not its There are two sources of plasma, both Maxwellian: the dawnside low-latitude boundary layer and the tail source. Particles drift from the source regions and the two sets of particles at a given point are then summed flux. To determine the proton flux we must know the phase space density at the equatorial plane. The plasma conditions throughout the plasma sheet equatorial plane have been calculated using the Finite Tail Width Convection Model (FTWCM) ) (hereinafter referred to as SK93).
The finite tail width convection model
The FTWCM is a bounce averaged drift model for ions. It describes the bulk plasma properties in the magnetotail from -10 < XGSM < -20 and IYGSMl < 20 RE at the magnetic equator. This model has been described extensively elsewhere (Kivelson and Spence, 1988; Spence and Kivelson, 1990, and SK93) and is summarized only briefly here.
The model has two sources of particles which populate the plasma sheet: the low-latitude boundary layer and the distant magnetotail. Figure 2 is a cartoon depicting the model and its sources. The model has five input parameters: proton number density and temperature for both plasma sources and the cross-tail electrostatic potential. Both plasma source distributions are assumed isotropic and Maxwellian. An additional parameter that the model requires is the fluxtube volume along the midnight meridian. This is calculated using the Tsyganenko 1987 long model (Tsyganenko, 1987) .
Particles drift both earthward and from dawn-to-dusk under the influence of E x B and VB drifts from the source distributions. For a finite width tail, only those protons starting in the deep tail (dawn boundary layer) with velocities less (greater) than some limiting velocity can reach any given final position. At this final location, the ensemble distribution function is the sum of those portions of the source distributions that can gain access. The plasma moments have finite velocity limits and this modifies densities and pressures as a function of position within the tail. Figure 3 illustrates the model outputs: plasma density and thermal pressure calculated as a function of position in the magnetic equatorial plane. For our study, representative quiet magnetospheric conditions were used. The model inputs are as follows: a cross tail potential of 15 kV; a far-tail plasma source temperature, kTT = 2.5 keV and number density, nT = 0.1 cm-3; and a low-latitude boundary layer temperature, kTL = 0.7 keV and number density, nL = 0.5 cm-'. These values are identical to those motivated by and used in SK93. The top panel of Fig. 3 shows number density contours in number/cm3 plotted in the equatorial plane, where the vertical axis is YGSM and the horizontal axis is XGSM. The middle panel shows thermal pressure in nDynes/cm2. The bottom panel shows the temperature contours in keV.
Note that each panel demonstrates the strong x-dependent variation owing to adiabatic compression as well as a y-dependent variation owing to gradient drift effects. The earthward increases in density and pressure are well studied and understood in terms of convective transport and stress balance (Lui et al., 1994; Spence et al., 1989) . The crosstail variation has been less studied empirically and warrants discussion in the context of this paper.
The large crosstail plasma pressure gradient must be in stress balance with the coincident magnetic geometry in the magnetostatic limit. This is not true for the FTWCM using the Tsyganenko 1987 long model, as the magnetic field was not self-consistently readjusted according to the predicted plasma pressures. Nevertheless, we believe that the FTWCM provides a reasonable first-order approximation. For example, the model cross-tail pressure gradient was considered by SK93. They reasoned that pressure balance cannot be maintained by an equal and opposite crosstail lobe magnetic pressure gradient. Instead, they proposed a magnetic pressure gradient within the plasma sheet which increases from dusk to dawn. Evidence for this condition was found not only in tail plasma sheet plasma pressure surveys (Liu and Rostoker, 1991) , but also in magnetic surveys (Fairfield, 1986) . The empirical models compare favorably with the FTWCM model results (see SK93). We appeal to this explanation for consideration of the appearance of this cross-(and down-) tail variation at low altitudes. 3. Contours within the plasma sheet. These contours were generated using the finite tail width convection model.
The top panel consists of number density contours across the tail; the middle is thermal pressure contours; and the bottom panel is thermal energy contours.
The Melding of the Models
The GCTM output gives a position and an energy in the near-tail equatorial plane corresponding to the source location of a particle detected along the low-altitude spacecraft trajectory. At these positions, the FTWCM can then be used to determine the distribution function as a function of energy. Using Liouville's theorem, the values of phase space densities in the equatorial plane can be assigned to the corresponding locations at low altitudes for comparison with a polar orbiting spacecraft, such as Akebono. Such comparisons have been made recently by Onsager and Mukai (1995) . In their work, they arbitrarily specified phase space densities at the equatorial plane and restricted their attention to one magnetic meridian (local time) at low altitudes. In this paper, we extend their approach by investigating the low-altitude plasma sheet signature at several local times in the context of a two-dimensional physically-motivated model of plasma at the equator.
In combining the models, the assumptions and inputs are as consistent as possible. For example, the magnetic field model used is the same for both models. Other aspects of the models differ slightly in approach but these differences do not affect the results of the mappings qualitatively. For example, the electric fields are treated somewhat differently in each model. The electric field magnitudes at the equatorial plane are similar at the down-tail boundary of the FTWCM, but differ by a factor of two at the earthward boundary. We stress that for the GCTM results presented here, the calculated low-altitude spectra are governed primarily by the magnetic field mapping between the low-altitude locations and the plasma sheet. In these cases, the details of how the electric field is distributed are a secondary effect and are not treated in this study.
To illustrate the model synthesis we chose to generate synthetic spectra that a low-altitude spacecraft plasma analyzer (such as on the Akebono spacecraft (Mukai et al., 1990) ) would be able to observe. We chose Akebono because it has been used recently in such studies (Onsager and Mukai, 1995) . Accordingly, the energy bins used for the GCTM were chosen to match Akebono energy bins and initial low-altitude locations were chosen along orbital tracks of a polar orbiting spacecraft at three local times. The FTWCM parameters were chosen to match the SK93 values. The synthesized model results are thus representative of relatively quiet magnetospheric conditions. The results shown in Fig. 4 demonstrate the prediction of the plasma sheet's projection to various low-altitude locations in a general sense. Of course, any comparison of the model with real data would require selection of model parameters consistent with actual conditions. Figure 4 shows the combined model output of spectra that we predict would be measured by three spacecraft simultaneously traversing the "horns" at three local times: -2200 hours, midnight, and 0200 hours. The vertical axis is energy measured on a logarithmic scale. The horizontal axis is magnetic latitude. The contours are differential energy flux. White on this scale represents flux levels below the simulated detector threshold here consistent with the Akebono Low Energy Particle (LEP) sensors. Figure 4 describes the predicted signature of the plasma sheet at low altitudes as a function of local time. This figure illustrates that low-altitude data can be used to remotely sense plasma sheet conditions. For example, at any particular local time pass, the flux intensity increases as the spacecraft moves to lower latitude reflecting the earthward compression of plasma and the commensurate rise in number density. Also, the energy width of the flux contours increases equatorward, reflecting the earthward increase of plasma sheet pressure and temperature. The flux levels can be used quantitatively to infer plasma sheet bulk properties.
Of more interest for this paper, though, are the predicted local time dependences which also mirror plasma sheet conditions. The important feature on these plots is the apparent latitudinal position of the outer edge of the plasma sheet signature (identified by the first observable isoflux level) at the three local times. The y-dependence of the plasma sheet temperature (see bottom 
Conclusions
Two models were linked: the finite tail width convection model and the guiding center transport model. Their output makes specific predictions for plasma sheet ion fluxes detectable at low-altitudes. Specifically, before local midnight, the plasma sheet appears to be hotter and the particle isofluxes are visible at higher invariant latitudes than after local midnight.
The spectra in Fig. 4 show the spatial variations in the plasma sheet signature; the invariant latitude where the protons have the same flux differ with local time as does the energy width of the measured flux. The importance of this model is that it is time-independent. Therefore, all model predictions for differences in the plasma sheet signature are due to spatial effects: the projection to low altitudes of the plasma pressure asymmetry in the equatorial plane. This asymmetry is due to the differential drift of plasma across the tail. This type of variation should be readily apparent in concurrent satellite passes at low or middle altitudes at several local times.
These models can be used to compare near-simultaneous measurements by multiple spacecraft. Currently we are in the process of assessing the models against ISEE-2 data (Hirsch et al., 1995) . The ideal test case is simultaneous measurements at different local times from two or more spacecraft. During the International Solar-Terrestrial Physics program it is of great importance to have diagnostic tools such as this one to develop links between low and middle altitude crossings of the plasma sheet horns and the equatorial plane.
